All reagents were purchased from Fisher Scientific unless noted otherwise. Enzymes were characterized in a previously described modular metabolic engineering system in E. coli.
S2
The dephosphorylated product of the OsCPS4:H501D mutant (3') was purified much as previously described for other class II diterpene cyclase products. [4] [5] [6] To obtain sufficient quantities of the compound, 8 L of the relevant bacterial culture were grown as described above. After extraction, the phases were separated in a separatory funnel, and the pooled hexanes dried by rotary evaporation. The resulting extract was redissolved in 10 mL of fresh hexanes and fractionated over silica (4 g ) using a Reveleris automated flash chromatography system (Grace, Deerfield, IL) with a 15 mL/min flow rate, 5 mL injections, and UV detection at 200 nm, with the following stepwise gradient: 0%, 5%, 15%, 25% ethyl acetate (in hexane) for 1 minute each, and a final wash with 100% ethyl acetate for 3 minutes. The resulting fractions were analyzed by GC-MS (as described above). Those containing 3' were dried under N2 and dissolved in 5 mL of 50% acetonitrile/dH 2 O. 3' was then further purified via HPLC using an Agilent 1200 system equipped with an Agilent Poroshell 120 EC-C18 (4.6 x 100 mm, 4 μm) column at a flow rate of 1 mL/min. The column was pre-equilibrated, sample injected and washed with 50% acetonitrile/dH2O (0 -2 minutes), eluted with 50 -100% acetonitrile (2 -7 minutes), and followed by a 100% acetonitrile wash (7 -23 minutes), with peak based fraction collection. Again, those containing 3' were identified by GC-MS analysis. The final yield of pure 3' was estimated to be ~3.0 mg by GC-FID (flame ionization detection) analysis using a Agilent 6890N GC equipped with HP-5 column and the same temperature program described above, with comparison to a standard curve generated for the diterpene cembrene, as previously described. 2 The HPLC fractions containing pure 3' were pooled, dried under N 2 and dissolved in 0.5 mL CDCl 3 (Aldrich). NMR spectra were acquired on a Bruker AVIII-800 spectrometer equipped with a 5-mm HCN cryogenic probe, using TopSpin 3.2 software. Analysis was carried out at 25 °C. Chemical shifts were calculated by reference to those known for CDCl 3 signals offset from TMS ( 13 C 77.23 ppm, 1 H 7.24 ppm). All spectra were acquired using standard programs from the TopSpin 3.2 software, with collection of 1D 1 H-NMR, and 2D double-quantum filtered correlation spectroscopy (DQF-COSY), heteronuclear singlequantum coherence (HSQC), heteronuclear multiple-bond correlation (HMBC), HMQC-COSY and NOESY (800 MHz), as well as 1D 13 C-NMR (201 MHz), spectra. Observed HMBC correlations were used to propose a partial structure, while COSY correlations between protonated carbons were used to complete the structure, which was further verified by HSQC correlations. Observed correlations from NOESY spectrum were used to assign the relative stereochemistry of chiral carbons and also verify the configuration of the exo-cyclic double bond.
Quantum Chemical Calculations
Calculations were performed with GAUSSIAN03 9 and GAUSSIAN09. 10 Geometries were optimized using the B3LYP method with the basis set of 6-31+G(d,p) in the absence and 6-31G(d) in the presence of theozymes. 11 All stationary points were characterized as minima or transition state structures using frequency calculations at the same level. All reported energies include zero-point energy corrections (unscaled) from the frequency calculations at the same level. Intrinsic reaction coordinate (IRC) calculations were used for further characterization of transition state structures. 12 mPW1PW91 13 single point energies are also shown, since it is known that B3LYP underestimates the relative energies of cyclic structures versus acyclic isomers. 13 The validity of this computational approach for examining terpeneforming carbocation rearrangements is well-established. 14 Figure S2: GC-MS chromatograms for dephorphorylated products from OsCPS4 mutants (as indicated) of putative active site histidine (H275) identified by molecular modeling (see Figure 1 ). Product numbering as in text, with prime' notation indicating that these are dephosphorylated derivatives. Coordinates (from last standard orientation): Coordinates (from last standard orientation): Coordinates (from last standard orientation): Coordinates (from last standard orientation): 
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